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WILSON MWANJA, AND LES KAUFMAN
NOTES AND COMMENTS
RESULTS
All species exhibited a relatively high number.
of species-specific alleles, with O. leucostictus
exhibiting the highest number followed by O.
niloticus, and O. esculentus with the least
Population samples were obtained (>10 individu-
als/species/locality) from Lake Victoria and eight
satellite Lakes in the Victoria basin: Lakes
Nabugabo, Kayugi, Kayanja, and Manywa in the
Nabugabo System; Lake Kanyaboli in the Yala-
Nzoia System, and Lakes Mburo, Kachira, and
Kijanebalola in the Koki Lakes System. Of these,
only Nabugabo contained Nile Perch (OGUTU-
OWHAYO, 1993). Small bits of muscle tissue
were removed immediately upon capture. Only
those individuals that could be identified unam-
biguously in the field were taken for the study.
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INTRODUCTION The tissues were placed in 95% ethanol in sample
vials, and the alcohol changed after 1hr. DNA
was extracted from the muscle tissue samples
using a standard phenoVchloroform extraction
procedure (SAMBROOKE, 1982). DNA samples
were amplified through PeR using a Perkin-
Elmer thermocycler using single short arbitrary
IO-mer oligonucleotide primers. Amplification
products were separated by electrophoresis in a
1.6% synergel agarose gel, stained w'ith ethidium
bromide, and viewed under ultraviolet light.
Individual species were analyzed for species-spe-
cific markers (bands that occurred, exclusively
among individuals of a particular species, Table I).
Gametic diversity (Table 2) was calculated
after LYNCH and MULLIGAN (1994), which
is specific to the analysis of gene structure using
RAPD data. Gene introgression (Table 4) was
estimated .in terms of the proportion of RAPD
alleles characteristic of a gi~en taxon that
appeared in congener populations. Cladograms
(using maximum parsimony) were constructed
with the aid of the program PAUP 3.1, with
analyses conducted under highly stringent condi-
tions. The outgroup chose TIlapia zillii, a tilapiine
cichlid assumed to be phylogenetically basal to the
general Oreochromis and Sarotherodon based on
the work of Trewavas and others (TREWAVAS,
1983).
Oreochromis esculenta, the original "ngege" is
virtually extinct in Lake Victoria, and is limited to
satellite lakes and reservoirs in the greater Lake
Victoria region. Oreochromis variabilis can still
be found in Lake Victoria and some satellite lakes
in the Kyoga System, but in small numbers and
only at a few localities (WANDERA and KAUF-
MAN, unpub. data). Little is known about the
influence that species translocations have had on
the genetic structure of these crucial fishery
species, and even the source of the parent stocks
for the introductions remain obscure. Genetic
variability was examined within and among
allopatric populations of three species in the
tilapiine genus Oreochromis: O. esculentus
(endemic to Lakes Victoria and Kyoga), and two
exotic species introduced to Lake ViC'toria in the
late 1950's to supplement the failing fisheries for
native tilapiines, O. niloticus and O. leucostictus.
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T a b l e 1 . T o t a l n u m b e r o f p o p u l a t i o n - s p e c i f i c
b a n d s w i t h i n t h e t h r e e s p e c i e s o f t h e g e n u s
O r e o c h r o m i s .
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O . n i L o t i c u s p o p u l a t i o n s i s o f a n o r d e r n o r m a l l y
a s s o c i a t e d w i t h s u b s p e c i e s ( T a b l e 3 ) . E v e n t h e
c o m p a r a t i v e l y l o w v a l u e s f o u n d i n O . L e u c o s t i c t u s
w e r e h i g h e r t h a n e x p e c t e d . W e a t t r i b u t e t h i s t o
f o u n d e r e f f e c t , d u e e i t h e r t o n a t u r a l o r a r t i f i c i a l
s e e d i n g o f t h e s e p o p u l a t i o n s b y a v e r y f e w i n d i -
v i d u a l s i n e a c h c a s e . I n t r o g r e s s i o n b e t w e e n t h e
e n d e m i c O . e s c u L e n t u s a n d t h e i n t r o d u c e d O .
n i l o t i c u s i s r a m p a n t . G e n e f l o w h a s b e e n p r e -
d o m i n a n t l y , t h o u g h n o t e x c l u s i v e l y , f r o m O . e s c u -
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O . e s c u L e n t u s i n t o O . n i l o t i c u s w a s g e n e r a l l y
l o w e r t h a n t h e r e v e r s e . L a k e V i c t o r i a O . n i l o t i c u s
s h o w e d l i t t l e e v i d e n c e o f O . e s c u L e n t u s a l l e l e s ,
t h o u g h L a k e N a b u g a b o , w h e r e O . e s c u l e n t u s h a s
b e e n e x t i r p a t e d , d i s p l a y e d s u r p r i s i n g l y h i g h l e v e l s
o f i n t r o g r e s s i o n a n d r e t e n t i o n o f O . e s c u L e n t u s
a l l e l e s . .
I
, i
!~"
. /
r ·
i . , i . :. . , .
: !
' I
! '
I
,
,
fixed alleles O. nilolicus O. esculenlus
Table 4. Estimate of gene introgression based on proportions of
species specific 'fixed' allele harbored by a congener.
was among the most prized food fishes in East
Africa. and it was the staple fish on Lakes
Victoria and Kyoga in pre-colonial and early
colonial times (BALIRWA, 1992). This was on
account not only of its abundance, but also its
excellent taste, firm meat, and suitability for sun-
drying. Nonetheless, 0. esculentus was never
taken up by aquaculture scientists during the "blue
revolution" that led to the current popularity of
other tilapiines as targets in aquaculture. Now that
the species has disappeared from Lakes Victoria
and Kyoga and there is a real possibility of its bio-
logical extinction, reconsideration of its status, and
its future in East Africa is long overdue.
Lake Kanyaboli
Lake Kayugi
Lake Kayanja
Lake Manywa
Lake Kachira
Lake Mburo
Lake Victoria
Lake Mburo
Lake Nabugabo
Lake Kachira
O. esculentus
O. niloticus
6.72
14.39
12.94
13.73
14.11
35.27
0.91
6.67
21.10
8.20
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Trewavas, E. 1983. Tilapiine fishes of the Genera
Sarotherodon, Orochromis, and Danakilla.
British Museum (Natural History), London,
No. 878.
ACKNOWLEDGEMENTS
We would like to thank our colleagues of the
Fisheries Research Institutes of Ug~nda (FIRI-
Jinja) and Kenya (KMFRI-Kisumu) for all
assistance accorded during this study. We are
greatly indebted to fishermen for their cooper-
ation and assistance during the collection of
study specimens. This work was funded by
grants from the National Agricultural Research
Organization (NARO) of Uganda, the National
Science Foundation (NSF) of the USA, and the
Pew Fellows Program for Conservation and the
Environment.
REFERENCES
Balirwa, 1.S. 1992. The Evolution ofthe fishery of
Oreochromis niloticus (Pisces: Cichlidae)
in Lake Victoria. Hydrobiologia, 232: 85-
89.
..~
M e t h o d o l o g y f o r v a l u i n g W e t l a n d s i n U g a n d a
A f r . J . T r o p . H y d r o b i o l . F i s h . ( 1 9 9 5 ) 6 . 5 4 - 5 5
* B E N N D L U T H I G E R
F i s h e r i e s R e s e a r c h I n s t i t u t e ( F l R I )
P . D . B o x 3 4 3 J i n j a , U g a n d a .
* B a c h m a t t s t r . 3 9 , C H - 8 0 4 8 Z u r i c h , S W I 1 Z E R L A N D
I N T R O D U C T I O N
T h e w e t l a n d s i n U g a n d a a r e u n d e r g o i n g r a p i d
d e g r a d a t i o n . S w a m p s p r o v i d e a h a b i t a t f o r b i r d s ,
f i s h e s a n d o t h e r a n i m a l s . T h e y h a v e m a n y e c o l o g -
i c a l f u n c t i o n s a n d , f u r t h e r m o r e , s u p p l y p e o p l e
w i t h m u l t i p l e r e s o u r c e s , s u c h a s r e e d s , h e r b s , f i s h
a n d a g r i c u l t u r a l p r o d u c t s . A l t h o u g h s o m e ' u s e s o f
w e t l a n d a r e s u s t a i n a b l e , o t h e r s l e a d t o r a p i d d e t e -
r i o r a t i o n . T h e m a i n t h r e a t t o ~wamps a r e h u m a n
a c t i v i t i e s . O n e r e a s o n f o r t h e p r o g r e s s i v e
d e s t r u c t i o n o f w e t l a n d s i s t h a t t h e p e o p l e m a y
n o t a p p r e c i a t e t h e e x i s t e n c e o f a n d t h e t r e a s u r e s
r e p r e s e n t e d b y w e t l a n d s e v e n i f t h e y l i v e i n a r m
l o n g d i s t a n c e f r o m t h e m . A n o t h e r r e a s o n i s t h a t
t h e t w o m o s t i m p o r t a n t u s e r g r o u p s o f w e t l a n d s ,
f a r m e r s a n d f i s h e r m e n , a l t h o u g h h a v i n g c o n f l i c t i n g
i n t e r e s t s c o n c e r n i n g t h e w e t l a n d s , h a r d l y i n t e r a c t .
A s t u d y , d o n e a s p a r t o f t h e E c o t o n e P r o j e c t a t t h e
F i s h e r i e s R e s e a r c h I n s t i t u t e ( F I R I ) , t r i e s t o e v a l u -
a t e i n m o n e t a r y t e r m s h o w m u c h U g a n d a l o s e s
w i t h p r o g r e s s i v e d e s t r u c t i o n o f w e t l a n d s . T h e
s t u d y l o o k s f i r s t a t w h i c h u s e s o f t h e w e t l a n d s a r e
o f i m p o r t a n c e a n d t h e r e a f t e r i t e x a m i n e s , w h a t
d a t a i s n e e d e d a n d a v a i l a b l e t o c a l c u l a t e t h e v a l u e s
o f t h o s e u s e s .
M E T H O D O L O G Y
T h e m e t h o d s u s e d i n t h e s t u d y a s s e s s t h e v a l u e
o f w e t l a n d s t h r o u g h c o s t - b e n e f i t a n a l y s i s . T h i s
c o n s i s t s o f a d d i n g u p t h e v a r i o u s b e n e f i t s c o m i n g
f r o m s u s t a i n a b l e u s e s o f w e t l a n d s a n d c o m p a r i n g
t h e m w i t h p o s s i b l e ' p r o f i t s f r o m c o n v e r t e d w e t -
l a n d s . T h e s u s t a i n a b l e b e n e f i t s a w e t l a n d p r o v i d e s
a r e : e r o s i o n a n d f l o o d c o n t r o l , w a t e r p u r i f i c a t i o n
a n d w i l d l i f e h a b i t a t . F u r t h e r m o r e , w e t l a n d s c a n
a t t r a c t t o u r i s m a n d p r o v i d e g o o d s l i k e m e d i c i n a l
h e r b s a n d r a w m a t e r i a l s f o r c r a f t m a k e r s . U s e s
w h i c h a l t e r a w e t l a n d a r e a g r i c u l t u r e a n d w a s t e
d i s p o s a l .
- - ,
T h i s r e s e a r c h c o n c ; e n t r a t e s o n t h e n o n - s u s t a i n -
a b l e a g r i c u l t u r a l u s e o f t h e w e t l a n d a r e a o n t h e
o n e s i d e a n d o n t h e f i l t e r i n g c a p a c i t y , t h e e x i s -
t e n c e v a l u e a n d t h e i m p o r t a n c e o f t h e s w a m p s a s
b r e e d i n g p l a c e f o r f i s h e s o n t h e o t h e r s i d e .
T h e p r o f i t P o f w e t l a n d a r e a u s e d f o r c u l t i v a t i o n i s
e a s y t o a s s e s s . S h o r t l y a f t e r c l e a r i n g a s w a m p t h e
a r e a s e e m s t o b e s l i g h t l y m o r e p r o d u c t i v e t h a n
•
f u r t h e r i n l a n d . T h e y i e l d y p e r a r e a o n d r y l a n d s o i l
i s w e l l k n o w n f o r v a r i o u s c r o p s . T h e p r o f i t ,
t h e r e f o r e , c a n b e c a l c u l a t e d b y m u l t i p l y i n g t h e
y i e l d w i t h t h e p r i c e s o f t h e c r o p a n d s u b t r a c t i n g
t h e c o s t s C w h i c h g o i n t o p r o d u c i n g t h i s y i e l d .
T h e p r o d u c t i o n c o s t s c o n s i s t m a i n l y o f w a g e s .
H e n c e :
P = y x p - C
T h e v a l u e o f t h e f i l t e r i n g c a p a c i t y o f t h e w e t l a n d
c a n b e a s s e s s e d b y c o m p a r i n g t h e f i l t e r i n g c a p a c i t y
o f a n a t u r a l w e t l a n d w i t h a n a p p r o p r i a t e w a s t e w a t e r
t r e a t m e n t f a c i l i t y , e . g . w a s t e s t a b i l i s a t i o n p o n d s .
B y d i s c o u n t i n g b o t h t h e o p e r a t i o n c o s t s a n d t h e
d e p r e c i a t i o n o f s u c h w a s t e s t a b i l i s a t i o n p o n d s , w e
c a n a t t r i b u t e a v a l u e t o t h i s f a c i l i t y . I f a w e t l a n d
d o e s t h e s a m e t o t h e w a s t e w a t e r , t h e r e f o r e , w e
c a n a t t r i b u t e t h e s a m e v a l u e t o t h e w e t l a n d t o o .
H o w e v e r , t h i s v a l u e i s o p t i o n a l . T h a t m e a n s t h i s
v a l u e c a n b e r e a l i s e d b y p a s s i n g w a s t e w a t e r
t h r o u g h t h e s w a m p . B y d o i n g t h a t t h e c o s t s o f
c o n s t r u c t i n g a n d m a i n t a i n i n g a w a s t e w a t e r t r e a t -
m e n t f a c i l i t y c a n b e s a v e d . I f t h e r e i s n o w a s t e -
w a t e r p a s s e d t h r o u g h t h e w e t l a n d , t h i s s p e c i a l
v a l u e i s n o t r e a l i s e d b u t s t i l l r e m a i n s a n o p t i o n .
B y d e s t r o y i n g a w e t l a n d t h i s v a l u e i s l o s t .
T h e c o n c e p t o f t h e e x i s t e n c e v a l u e h a s b e e n
d e v e l o p e d i n i n d u s t r i a l i s e d c o u n t r i e s w h e r e
n a t u r e i n a l l i t s a s p e c t s ( w i l d l i f e , p l a n t s , s c e n e r y )
a r e p r e s e n t l y r a r e . E x i s t e n c e v a l u e s r e f e r t o t h e
f a c t t h a t i n d i v i d u a l s a t t a c h v a l u e t o g o o d s o n l y b y
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knowing that such goods (e.g. rare and diverse
species, unique natural environments etc.) exist,
even if the individuals do not intend to make an
active use of these goods. Such goods are usually
public goods which means that no one can be
excluded to use them. Therefore, no market can
be established for such goods and by that no price
can be attributed to them. Although they have a
value, traditional cost-benefit analysis could not
handle them because such calculations have been
biased.
The concept of the existence value provides a pos-
sibility to make the economic analysis accessible
for public goods. The method to estimate exis-
tence values in~olves willingness to pay (WTP)
studies. A possible form of such a study is to ask
people directly what amount of money they
would pay to support a policy which protects wet-
lands. WTP studies, therefore, reflect the people's
perception of the value of wetlands. WTP studies
have proved appropriate for the calculation of
existence values in industrialised countries
(PORTNEY, 1994). In developing countries they
have been found practicable for estimating the
cost recovery capacity of large public sponsored
investments (e.g. water and sanitation). It is an
open question, therefore, whether WTP studies
are suitable for the estimation existence values in
developing countries.
In the present situation in Uganda it is most likely
that the greatest importance of wetlands in monetary
terms comes from their contribution ·as breeding
places and refuge for fishes. The value V of a wet-
land can be described as a product of the marginal
productivity of the function of fish harvest
Q(H,W) and the dockside price p of the fishes,
hence:
v =qwQ(H, W)*p
The harvest function Q(H,W) is dependent both
on the human effort H needed to catch the fish and
the wetland acreage W (COSTANZA et al.,
1989). LYNNE et al. (1981) developed a model of
catch in which catch depends on swamp acreage,
catch in the former year and effort:
Qt = bo+b]lnWt_]*Ht+b2InWt_]*H/+b3 Qt-]+et
WETLAND EXISTENCE 55
To estimate the parameters BO' B1, B2 and B3' we
need statistical data about human effort H (mea-
sured in days or canoes) and covered wetland
area, which both contribute to the harvest Q. Once
the parameters are estimated, the marginal pro-
ductivity can be estimated. Hence,
With appropriate statistical data about fish catch-
es, therefore, a simple model of a harvest func-
tion can be calculated and by that a value of the
wetlands can be estimated.
CONCLUSIONS
The research described here is an attempt to evaluate
the contribution of some of the various functions
of a wetland to its overall value. It furthermore
takes into consideration that the benefits of wetland
protection are mainly social benefits whereas the
profits of non-sustainable used wetland area can be
privatised. By that, the study may provide some
hints concerning the rationale behind the pro-
gressive wetland degradation. However, the
analysis is purely economic and, therefore.
excludes the intangible value wetlands have fOi
society.
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